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An TTiV ggHnp^aifclon 

The present invention relates to ink printing 
compositions, particixlarly for printing on glass, 
polyethylene terephthalate (PET) , and alumintiin sxibstrates 
and, more particularly, for printing on containers made of 
5 glass, PET, aluxninian, or other sxjbstrates that may be 

Slab jec ted to humid conditions whereby moisture is created 
on the outside of such containers, and to related methods 
of printing. 

Ink jet printing is a well-known technique by which 
10 printing is accoit?Dlished without contact between the 

printing device and the substrate on which the printed 
characters are deposited. Briefly described, ink jet 
pj^inting involves the technique of projecting a stream of 
ink droplets to a sxirface and controlling the direction of 
15 the stream electronically so that the droplets are caused 
to form the desired printed image on that surface. This 
technique of noncontact printing is particularly well - 
suited for application of characters onto irregularly 
shaped surfaces, including, for example, the bottom of 
20 glass or metal beverage containers. 

Reviews of various aspects of ink jet printing can be 
found in publications: Kuhn et al.. Scientific American, 
April, 1979, 162-178; and Keeling, Phys. Technol., 12151, 
196-303 (1981) . Various ink jet apparatuses are described 
25 in the following U.S. patents: 3,060,429, 3,298,030, 
3,373,437, 3,416,153, and 3 , 673 , 601 . 
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In general, an ink jet composition must meet certain 
rigid requirements to be useful in ink jet printing 
operations. These relate to viscosity, resistivity, 
solubility, compatibility of components and wettability of 
5 the sxabstrate. Further, the ink must be quick-drying and 
smear resistant, must be capable of passing through the 
ink jet nozzle without clogging, and must permit rapid 
clesuiup of the machine components with minimum effort. 
Many of the suurfaces on which ink jet printing is 
10 utilized are nonporous, such as the above-mentioned 

beverage container • The ink used for these applications 
must adhere well to the nonporous substrate and normally 
imist be water-resistant. 

Many beverage manufactxirers fill the containers with 
15 chilled beverages, frequently under humid conditions. The 
moisture that condenses on the container surfaces poses a 
severe problem in obtaining penetration, good adhesion of 
the ink, abrasion and smear resistance of the printed 
codes . 

20 Several ink compositions known heretofore are not 

suitable for the above use. For example, UK Patent 
Application GB 2,105,735 discloses a jet ink composition 
comprising an oil soluble dye-impregnated polyurethane 
latex dispersed in an aqueous medium. 

25 U.S. Patent 4,680,332 discloses a jet ink composition 

comprising a water insoluble polymer such as a 
polyacrylate dispersed in a liquid medium, the polymer 
containing therein an oil soluble dye, and a nonionic 
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Stabilizer permanently attached thereto. 

U.S. Patent 5,207^825 discloses a jet ink composition 
which comprises an aqueous liquid vehicle, a colorant, and 
a polymeric additive which is a substituted bisphenol A 
5 derivative - 

U.S. Patent i5, 080, 716 discloses a jet ink 
coxnposition comprising a recording agent, a liquid medium 
capsLble of dissolving or dispersing the recording agent, 
and a substituted benzene or toluene sulfonamide coxnpoimd. 

10 U.S. Patent 5,254,158 discloses an ink coxnposition 

which comprises an aqueous liquid vehicle, a colorant, and 
an additive selected from the group consisting of amine 
alkoxylates, sorbitan monoester alkoxylates, alkylene 
oxide adducts of glycerin, and mixtures thereof. 

15 U.S. Patents 5,215,577 and 5,178,671 disclose jet ink 

conqpositions comprising a recording agent and a liquid 
medium for dissolution or dispersion thereof, the 
recording agent being an aromatic sulfonated diazo 
confound . 

20 U.S. Patent 5,131,949 discloses a jet ink cosiposition 

including a recording agent, a liquid medium capable of 
dissolving or dispersing the recording agent, and a 
compound having an amide group. 

U.S. Patent 5,213,613 discloses a jet ink comprising 

25 a recording agent and a liqfuid medium capable of 

dissolving or dispersing the recording agent therein, 
wherein the ink contains and imide compound and at least 
one compound selected from the group consisting of urea. 
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thiourea and derivatives thereof, and volatile alkaline 
conipounds . 

U.S. Patent 4,692,188 discloses a process for the 
preparation of jet ink coxopositions, coxnpz^ising (1) 
5 dissolving in a water-ixnmiscible orgsmic solvent a polymer 
composition and an organic oil soliible dye; (2) adding an 
aqueous phase water siirfactajit mixture thereto; (3) 
affecting emulsif ication thereof; and (4) siibseguently 
evaporating from the aforementioned mixtoire the solvent 

10 thereby resulting in an ink with the dye trapped in the 
polymer particles suspended in the aqueous phase. The 
polymer compositions include polycarbonates, polystyrene, 
polymethacrylates and copolymers thereof. 

U.S. Patent 5,393,331 discloses an ink composition 

15 for use in drop-on-d«nand ink jet operations for printing 
on porous substrates such as paper and card board, which 
has low levels of volatile organic compotinds and that is 
both non- teratogenic and non-carcinogenic. 

All of the water based jet ink coiipositions disclosed 

20 by the above references are generally directed to ink 

compositions suitable for printing on paper and are not 
considered suitable for printing on cold glass, PET, and 
aluminxmn surface, especially under hxjmid conditions 
conducive for the moisture to condense on the surface. 

25 Other attempts to produce ink con^ositions that will 

provide penetration, good adhesion and abrasion resisteince 
to messages printed on wet glass, PET and aluminim 
surfaces have been unsuccessful. Poor adhesion and poor 
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print quality were common, especially when the cold- fill 
process was in a highly hoomid environment. Therefore, a 
need exists for a jet ink composition which can be used to 
print messages on wet glass, PET, and aluminum surfaces 
5 and ahle to penetrate moisture without smudging, smearing 
or rubbing off. 

A need also exists for an ink composition for use in 
ink jet applications that can be printed onto cold, wet 
glass, PET and alximiniim container surfaces under humid 
10 conditions. 

The present invention provides ink compositions 
capable of being printed onto cold, wet glass, PET, aind 
aluminum surfaces ujider humid conditions and providing 
good contrast. The ink compositions embodying the 
15 invention are capable of penetrating condensation on a 

glass, PET, and alximinum surfaces, such as the thin layer 
of condensation often found during the production of 
beverages in glass, PET, and aluminum containers under 
refrigerated conditions. 
20 The ink conqoosition of the present invention 

coznprises an organic solvent, a colorant, polyurethane 
binder, a silicone resin, and silane. An additional resin 
and/ or a surfactant may also be used in the con^osition. 
The present invention also provides a method of 
25 forming printed images on cold wet glass, PET, and 

aluminum surfaces using the ink composition of the present 
invention. In accordance with the invention the method 
comprises projecting a stream of droplets of said ink 
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PQLYURETHANES 

Flexible thermoplastic polyurethane resins are used 
as binders in the prepsuration o£ the ink coxnpositions of 
5 the instant invention. Flexible thermoplastic urethanes 
are produced by the reaction of diols auid diisocyanates • 
Examples of diols include ethylene glycol, propylene 
glycol, propanediol, butanediol, polyethylene glycol, 
polypropylene glycol, polyethylene glycol adipate diol, 

10 polyethylene glycol succinate diol, polytetrahydrofuram 
diol, and the like. Excur^^les of diisocyanates include 
2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 
4,4' -diphenylme thane diisocyanate , hexamethylene 
diisocyanate, and the like. Polyurethanes made from 

15 polypropylene glycol and 4 , 4 ' -diphenylmethane diisocyanate 
are preferred. 

Polyurethanes having weight average molecular weight 
in the range of about 4,000 to about 12,000 are preferred 
and polyurethanes having weight average molecular weight 

20 in the range of cdDOut 7,000 to about 9,000 are even more 
preferred. 

Examples of preferred tirethane polymers that are useful 
in the present invention include, but are not limited to, the 
flexible thermoplastic polyurethane solutions sold under the 
25 commercial name of Surkopak by Kane International Corp., Rye, 
New York. A variety of grades of polyurethanes are sold under 
this name and include Surkopak 2135, Surkopak 5299, Surkopak 
5244, Surkopak 5255, Surkopak 2X, Surkopak 5322, Surkopak 
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5311, and Surkopak XL. They are normally used to modify 
nitrocellulose based printing inks for f lexo and gravure 
applications on flexible packaging substrates such as 
polyethylene, polypropylene, polyester, and cellulose. The 
5 physical properties of the polyurethane solutions are 
presented in Table 1 below. 



Table 1. Properties of the Surkopak Polyurethane Resins 



Grade 


2135 


5299 


5244* 


5255 


2X 


5322** 


5311 


XL 


Solids 
% 


80-85 


80-85 


73-78 


73-78 


65-70 


68-73 


63-68 


68-73 


Visco- 
sity 


15-25 


25-30 


12-16 


25-30 


40-50 


6-8 


30-40 


15-20 


Solvent 


A 


A 


E 


E 


E 


E/A 


E 


E/A 


Flash 
Point, 


12 


12 


-4 


-4 


-4 


-4 


-4 


-4 



A = Alcohol; E = Ester; E/A = Mixtxire of E and A 

* Weight Average Molecular Weight Range 18,000 - 22,000 

** Weight Average Molecular Weight Range 7,000 - 9,000 
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These polyurethanes are non-reactiVe emd are 
essentially free of isocysuiate groups. Among these 
preferred polyurethane solutions, even more preferred is 
Sxirkopak 5322, which is a polyurethane conposed of 
polypropylene glycol and 4 , 4 • -diphenylmethMe 
diisocyanate. Surkopak 5322 is sold as a solution in a 
mixed solvent containing ethyl acetate and isopropanol. 

The concentration of solid polyurethane resin in the 
ink composition is in the range of about 1 percent to 
about 20 percent by weight, preferably in the range of 
about 3 percent to about 15 percent by weight, and more 
preferably in the range of about 5 percent to about 10 
percent by weight. If the polyurethane is commercially 
sold as a solution, as in the case of Surkopak, the sunoiint 
of the polyurethane solution to be used to prepare the ink 
is calculated from the concentration of the polyurethane 
in the solution. Thus, in EXAMPLE 1 below, 11 g of the 
Surkopak 5322 (cone. 68-73%) were iised to obtain an ink 
having about 7.7 g of polyurethane. 

The ink composition comprises a colorcuit which is a 
dye that imparts the desired color to the printed message. 
Any dye that may be dissolved in the ink con^osition may 
be used in the instant invention. For instamce, U.S. 
Patent 5,254,158, and UK Patent Application GB 2,105,735 
list several examples of dyes. All of these dyes and 
pigments may be used in the instant invention. Examples 
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alkylamines , amine oxides, amine ethoxylates, alkyl 
hydroxyallcyl imidazolines, quaternary ammonixm salts, and 
amphoteric siirfactants include the alkylbetaines, the 
amidopropylbetaines , and the like. The sxirfactant FC 430, 
5 which is a mixture of f luoroaliphatic polymeric acrylate 
esters, is a preferred surfactant. 

The solid surfactant made into solution may be 
present in the jet ink coxnposition in the rcuige of about 
0.007 percent to eOaout 0.05 percent by weight, preferably 
10 in the range of about 0.005 percent to about 0.04 percent 
by weight, and more preferably in the rcuige of about 0.01 
percent to about 0.03 percent by weight. 

STT.TgQ>TR AnnT^TVTgg 

15 The jet ixxk composition may preferably contain a 

silicone resin. Examples of silicone resins include, but 
are not limited to, dimethyl silicone resin, methylphenyl. 
silicone resin, and methyl trifluoropropyl silicone resin. 
Silicone resins are commercially available from Dow 

20 Coming Corp. and GE Silicones. A preferred silicone 

resin is the silicone resin DC6-2230 (Dow Coming) , which 
is a polysiloxane having methyl (48%), phenyl (44%) , 
hydroxyl (4%), O-butyl (2%), and 0-propyl(l%) 
siibstituents. 

25 The silicone resin may be present in the jet ink 

coxnposition in the range of about 0.5 percent to about 10 
percent by weight, preferably in the range of about 1 
percent to about 6 percent by weight, and more preferably 
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in the rsuige of about 2 percent to about 4 percent by 
weight . 

SILANES 

5 The jet ink coxnposition may preferably contain a 

silane coupling agent. Examples of silemes that may be 
useful are, but are not limited to, epoxyalkyl 
alkoxysilanes , aminoallQrl alkoxysilanes such as (4- 
aminopropyl ) triethoxysilane and [y- ( 3-aminoethylamino ) - 

1 0 propyl 1 tr imethoxys i leuie , vinyl tr is ( 3 -me thoxye thoxy ) s i lane , 
( y-methacryloxypropyl ) - trime thoxysilane , vinylbenzyl 
cationic silane, (y-chloropropyl) trimethoxy-silane, and 
the like. Additional exazcqples of silanes can be found, 
e.g., in Kirk-Othmer - Encyclopedia of Chemical 

15 Technology, 3rd edition (John-Wiley & Sons) . One 

preferred silane is the A187 silane from Union Carbide 
Corp., which is glycidoxypropyl trimethoxysilane. 

The silane may be present in the jet ink conposition 
in the reunge of about 0.1 percent to 2d>out 5 percent by 

20 weight, preferably in the range of about 0.3 percent to 
about 4 percent by weight, and more preferably in the 
range of about 0.5 percent to about 2.5 percent by weight. 

OTHER RESINS 

25 The jet ink composition may also prefersUDly contain 

an additional resin. Other resins may be added to the ink 
to add hardness and improve abrasion and smear resistance. 
Other resins may include rosin resins. Examples of rosin 
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resins are Pentalyn H synthetic resin, a pentaerythritol 
ester of a rosin that has been stsibilized by 
hydrogenation. Also, Foral 85 resin, a thermoplastic 
glycerol ester of a hydrogenated resin. Both are sold by 
Hercules, Inc. These resins may also include various 
acrylic resins such as polyalkylacrylates, the 
polyalkylmethacrylates, and copolymers thereof. 
Additional examples of acrylic resins are 
polymethacrylate , polyethylacrylate , 
polye thylmethacryla te , polybutylme thacrylate , 
polymethylmethacrylate , polyhydroxyethylmethacrylate , 
copolymers of the acrylates, and the like. Several 
acrylic resins are commercially available from Rohm & Haas 
Co. A copolymer containing ethylmethacrylate is sold 
xmder the name of Acryloid B-72. A polymer of 
isobutylmethacrylate is sold under the name of Acryloid B- 
67. A copolymer of methylmethacrylate and ethylacrylate 
is sold under the name of Acryloid B-44. One preferred 
acrylic resin is Acryloid B-66, which is a copolymer of 
methylmethacrylate and butylmethacrylate . 

The additional resin may be present in the jet ink 
coxaposition in the range of eJ^out 1 percent to about 12 
percent by weight, preferably in the range of about 2 
percent to about 10 percent by weight, and more preferably 
in the rsuige of cibout 3 percent to about 8 percent by 
weight . 
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on glass, PET, and alumimim bottles cuid cans that are used 
to fill cold beverages including soft drinks such as Pepsi 
Cola®, Coca Cola®, RC Cola®, 7-UP®, Sprite®, and the like, 
beer, wine, wine coolers, liquors, and the like, 
5 pharmaceuticals, cUid cosmetics. The jet ink of the 

instant invention may be jet ax>plied on to a variety of 
glasses, including soda-lime glasses, borosilicate 
glasses, aliimino-silicate glasses, lead glasses, borate 
glasses, and the like. The above specified types of glass 
10 may contain a coating. 

All percentages expressed herein are percentages by 
weight, based on the total weight of the ink composition 
of the present invention, unless otherwise indicated. 
15 The following example further illustrates the present 

invention but, of course, should* not be construed as in 
any way limiting its scope. 

EXAMPLE 1 

20 A jet ink coxnposition was prepared by employing the 

following formulation : 

Ingredient Percenli bv weight 



Methyl ethyl ketone 71.3 

Silicone DC6-2230 (Dow Coming) 3.0 

25 Acryloid B-66 (Rohm & Haas) 5.0 

Surkopak Polyurethane 5322 11.0 

Solvent Black 29 Dye (Ciba-Geigy) 6.0 

Ethanol CDA-19 200 Proof (EMCO Chemical) 2.0 

16 
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Silane A187 (Iftiion Carbide) 



1.5 



FC 430 10% in MEK (3M Co.) 



0.2 



100.0 



5 



The above ink formulation was prepcured and tested on 
a wide range of glass, PET, and alxuciinum bottles 
simulating cold-fill humid conditions. Printer 
runnability testing was also carried out. The jet ink 

10 performed satisfactorily. 

Images can be printed on a glass, PET, and aluminum 
surface xmder humid conditions using the jet ink 
composition of the insteuit invention by projecting a 
stream of droplets of the ink to the surface and 

15 controlling the direction of the stream electronically so 
that the droplets form the desired printed image on the 
sxirface. 
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percent by weight. 

7. An ink conposition as claimed in claim 6, 
wherein said polyurethane resin is present in the 

5 concentration range of 5 percent to 10 percent by weight. 

8. An ink conposition as claimed in €uiy one of the 
preceding claims, wherein said coloreoit is Solvent Black 
29. 

0 

9 • An ink composition as claimed in any one of the 
preceding claims, wherein said coloremt is present in the 
range of 4 to 10 percent by weight. 

5 10. An ink composition as claimed in any one o.f the 

preceding claims, wherein said composition fuafther* 
coznprises an additional resin, to improve hardness, 
abrasion resistance, and smear resisteuice. 

) 11. An ink composition as claimed in claim 10, 

wherein said additional resin is an acrylic resin. 

12. An ink composition as claimed in claim 11, 
wherein said acrylic resin is a copolymer of 
► methylmethacrylate and butylmethacrylate and is present in 
the range of 2 to 10 percent by weight. 

13- An ink composition as claimed in claim 12, 
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from 0.5 percent to 2.5 percent by weight of said 
cosiposi tion . 
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29/06/82 


NONE 






US-A- 5334690 


02/08/94 


AU-B- 


666020 


25/01/96 






AU-A- 


4180493 


13/01/94 






BR-A- 


9302797 


16/02/94 






CA-A- 


2099086 


10/01/94 






DE-A- 


4222530 


13/01/94 






EP-A- 


0582088 


09/02/94 






JP-A- 


6157698 


07/06/94 



EP-A2- 0290359 09/11/88 CA-A- 

DE-D.T- 

JP-A- 

US-A- 



1326313 
3888229 
1045458 
4847316 



18/01/94 
08/09/94 
17/02/89 
11/07/89 



Form PCr/ISA/ZIO (paimi family anntx) (July 1992) 



